online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 107(Suppl. I): 55-59, 2012 Leprosy is one of the oldest and most devastating diseases to affect humans. Its aetiological agent is Mycobacterium leprae, an obligate intracellular pathogen with tropism for macrophages and Schwann cells.
M. leprae bacilloscopy is the gold standard laboratory assay for determining the presence of the disease and its operational classification (OC) for treatment purposes (WHO 1982) . Ridley-Jopling's classification of clinical forms (CFs) (Ridley & Jopling 1966 ) includes a broad spectrum of immune responses to M. leprae. These responses are further subdivided into two operational classifications: paucibacillary (PB) patients [tuberculoid (TT) and borderline tuberculoid (BT) leprosy forms], characterised by a strong delayed hypersensitivity to the Mitsuda test, and multibacillary (MB) patients [borderline-boderline (BB), borderline lepromatous (BL) and lepromatous (LL) leprosy CFs], characterised by high antibody titres and decreasing degrees of cell-mediated immune responses that approach anergy (Hastings et al. 1988) .
The current multidrug therapy treatment originated 30 years ago (WHO 1982) . A decade later, the resolution of the World Health Organization (WHO) to eliminate leprosy as a public health problem (WHO 1991) has significantly increased worldwide access to treatment and has contributed to a remarkable reduction in the prevalence of the disease. However, the current global prevalence of leprosy is estimated at 192,246 cases, with 226,474 new cases detected in 2010 (WHO 2011) . The data indicate that active transmission still occurs, despite the availability of highly effective treatment. Brazil, the second most affected country in the world, accounted for over 92% of the 37,740 new cases detected in the Americas in 2010 (WHO 2011) .
The upper respiratory tract is considered the main portal for the entry and exit of M. leprae (Patrocínio et al. 2005 , Martinez et al. 2011 ) and individuals with active disease (MB patients in particular) are the main sources of infection (Job et al. 2008) . Because M. leprae is an obligate intracellular pathogen and there is little evidence of non-human reservoirs in endemic countries, it is most likely that leprosy spreads from person to person. Healthy carriers and people with subclinical infection have been recognised as links in the chain of M. leprae transmission (Hatta et al. 1995 , Beyene et al. 2003 .
We have demonstrated that molecular diagnostics and immunology are useful for understanding leprosy and for proposing actions that will successfully eliminate the disease, aiming for a detection rate of 10 new cases per 100,000 inhabitants (Brazilian Disease Notification System -dtr2004.saude.gov.br/sinanweb/tabnet/dh?sinannet/ hanseniase/bases/Hansbrnet.def). Based on the presence of M. leprae DNA in nasal swabs, we were able to identify possible transmitters and by detecting anti-phenolic glycolipid-I (PGL-I) in circulation, we identified subclinical infection among household contacts (HHCs). Both of these advances may significantly impact leprosy monitoring programs.
SUBJECTS, MATERIALS AND METHODS
Study population -HHCs were recruited at the National Reference Centre for Sanitary Dermatology and Leprosy (CREDESH), state of Minas Gerais, Brazil. The research was approved by the Federal University of Uberlândia Research Ethical Committee (025/2000) and all participants signed an informed consent form and authorised the collection of the samples. CREDESH is a public health care facility in an endemic region where routine prevention, including BCG vaccination, HHCs monitoring, early case detection and treatment are available and are under constant supervision.
Treatment-naïve leprosy patients (LPs) (n = 444) were diagnosed by a committee of experts based on clinical and laboratory tests and were classified according to OC (PB or MB) and to the CF of their disease (TT, BT, BB, BL or LL). A classification for indeterminate (I) forms of leprosy was also added.
HHCs (n = 1,352) who resided with LPs or had resided with LPs in the five years prior to diagnosis were examined by specialised physicians for signs or symptoms that were suggestive of leprosy. They were classified according to the OC and the CF of their index case (IC).
Bacillary index (BI) -Slit-skin smears from the patients' left and right ear lobes, elbows, knees and lesions were evaluated for the presence of acid-fast bacilli (AFB) with optical microscopy using Ziehl-Neelsen staining. The samples with observed AFB were considered positive.
Mitsuda test -An intradermal injection of 0.1 mL of Mitsuda, a heat-killed M. leprae suspension of 6 x 10 7 bacilli/mL produced by the Lauro de Souza Lima Institute, was given in the upper forearm. After 21 days, a positive late reaction (Mitsuda test) was characterised by a nodular epithelioid granuloma larger than 3 mm in diameter.
ELISA anti PGL-I serology -To test for IgM antibodies in sera, an indirect ELISA to detect antibodies against the M. leprae native PGL-I molecule (donated by Dr John Spencer, Colorado State University, USA) was performed using methodology that has been previously described (Lobato et al. 2011) .
DNA extraction and polymerase chain reaction (PCR) -Nasal swabs were collected by swabbing small flexible brushes into the nasal septa of both nasal fosses. The swab stems with samples were deposited in sterile tubes containing 500 μL of lysis buffer (NaCl 400 mM, EDTA 50 mM and Tris-HCl 25 mM pH 8.0). To detect M. leprae DNA in nasal swab samples, a pair of primers targeting the RLEP3 region (X17153) of the M. leprae genome, were used to amplify a 130-bp fragment, using standardised conditions for PCR reactions, as described elsewhere (Goulart et al. 2007 ).
Statistical analysis -Descriptive analyses of the data were conducted. Pearson's correlation coefficient and linear and non-linear regressions were used to determine the association between the results of the assays across OCs and CFs. Fisher's exact test (2-tailed) was used to test the association between the ELISA and the PCR positivity results for contacts in a 2 x 2 contingency table. Statistical significance was set at p < 0.05.
RESULTS

LPs -
The percentages of positive results from the anti PGL-I ELISA and the M. leprae DNA detection using nasal swabs from the patients are listed in Table I and are classified according to the CF of patients' disease. Among LPs (n = 444), 29.7% (132) were PB patients and 70.3% (312) were MB patients. The percentages of patients with each CF were 1.1% (5) All PB patients were BI-negative, whereas 76% (237/312) of the MB patients were BI-positive. The distribution of BI-positive patients according to the CF of their disease was as follows: 0% for I and TT, 9.3% (16/172) for BT, 98.6% (73/74) for BB and 100% for BL (63) (115) were PB patients and, within this group, 9.6% (11) were negative and 90.4% (104) were positive. The prevalence of positive results among MB patients was 19.3% (41/213). The distribution of the patients who tested positive on the Mitsuda test, according to the CF of their disease, was as follows: 80% (4/5) for I, 100% (40/40) for TT, 71.9% (97/135) for BT, 7% (3/43) for BB, 2.6% (1/38) for BL and none for LL (67). A strong negative correlation between the Mitsuda test and the CF of the disease was observed (Pearson r = -0.9163, 95% CI -0.9946 to -0.1773, p = 0.0287, R 2 = 0.8396). There was an inversely proportional relationship between the percentages of patients who tested positive on the BI and the Mitsuda test. The best-fitting curve for the percentages of patients with positive results on the BI was a positive logarithmic regression and for the Mitsuda test, it was a negative logarithmic regression, both towards the MB forms (BB, BL and LL) (Figure) .
The prevalence of positive results among MB patients was 83% (256/312), but a similar percentage of PB patients, 83.3% (110/132), tested negative. A strong positive correlation was observed between the anti PGL-I ELISA and the CF of the disease (Pearson r = 0.9210, 95% CI 0.2063-0.9949, p = 0.0263, R 2 = 0.8482). The overall prevalence of positive test results using PCR amplification to detect M. leprae DNA in nasal swabs was 34.2% (152/444). The prevalence of positivity among PB patients was 5.3% (7/132) and among the MB patients, it was 46.5% (145/312). A strong positive correlation between the PCR for M. leprae DNA detection and the CF of the disease was observed (Pearson r = 0.9693, 95% CI 0.6008-0.9981, p = 0.0064, R 2 = 0.9396).
Both assays, the anti PGL-I ELISA and the PCR to detect M. leprae DNA, yielded more positive results among the MB forms of the disease (BB, BL and LL). A geometrical regression provided the best fit for representing the percentages of positive results for anti PGL-I antibodies and a linear regression provided the best fit for the results of the M. leprae DNA detection (Figure) .
HHCs -Regarding the OC of the IC, 22.4% (303) of the HHCs had a PB IC and 77.6% (1,049) of the HHCs had an MB IC. The distribution of HHCs according to the CF of their IC is also shown in Table I .
The prevalence of positive results to the anti PGL-I ELISA by the OC of the IC were 11.5% (35/303) for PB contacts and 13.8% (145/1,049) for MB contacts. A strong positive correlation was observed between a positive response to the anti PGL-I ELISA and the CF of the IC (Pearson r = 0.9163, 95% CI 0.1775-0.9946, p = 0.0287, R 2 = 0.83970). The prevalence of positive results using PCR amplification to detect M. leprae DNA by the OC of the IC were 3.3% (10/303) for PB contacts and 5.1% (53/1,049) for MB contacts. There was no statistically significant relationship between the detection of M. leprae DNA and the CF of the IC (p > 0.05).
A 2 x 2 contingency table is presented in Table II to compare the performance of the anti-PGL-I ELISA and the detection of M. leprae DNA in nasal swabs from contacts of LPs. A two-tailed Fisher's exact test indicated a significant association between the results from the PCR using nasal swabs and the results from the anti-PGL-I serology (p < 0.0034). The anti-PGL-I and the PCR results alone yielded positive results for 13.3% and 4.7% subjects, respectively.
DISCUSSION
We have demonstrated that using anti-PGL-I ELISA serology and PCR detection of M. leprae DNA in nasal swabs to identify high-risk HHCs is a useful monitoring strategy. HHCs who are carriers or who have subclinical infection may be at risk of disseminating bacilli and maintaining the chain of leprosy transmission. The result of each test alone has special clinical significance. The anti-PGL-I serology was strongly correlated with the MB OC and associated CFs of leprosy, indicating a possible active infection, as shown elsewhere (Cho et al. 2001 , Martinez et al. 2011 . However, the presence of M. leprae DNA in nasal swabs has been used as an epidemiological tool to understand the role of both patients and contacts in the complex transmission chain (Hatta et al. 1995 , Beyene et al. 2003 , Patrocínio et al. 2005 , Job et al. 2008 .
Among HHCs of LPs, 4.7% tested positive for M. leprae DNA in nasal swabs, similar to the percentages of (80) 1 (20) positive results observed among TT or BT patients, but only half of the percentage observed in nasal biopsies of PB patients described elsewhere (Patrocínio et al. 2005 ). This previous finding led us to the following hypothesis regarding the infection route: the bacillus invades the mucosa, passing through the nasal inferior turbinate and through the peripheral blood (Patrocínio et al. 2005) , eventually reaching Schwann cells and the mononuclear phagocytic system (Harboe 1985) . Therefore, these findings suggest that contacts may be exposed to a source of infection who harbours bacilli in the nose even for a short period of time because nasal biopsies detect 14% more positive test results than do nasal swabs (Patrocínio et al. 2005) . Due to the complex relationships among genetic, immunological and environmental factors, most of the contacts will not become infected or develop leprosy (Goulart & Goulart 2009 ). However, they may spread M. leprae to susceptible individuals and this may be a plausible mode of transmission. Our results also corroborate previous studies that have detected M. leprae DNA in the nasal mucosa of endemic populations (Hatta et al. 1995 , Beyene et al. 2003 , Martinez et al. 2011 , regardless of the OC and CFs of their ICs. Our results revealed a linear correlation between bacillary DNA levels and the CFs of the patients' diseases. This response was positively correlated with the anti-PGL-I profile and was negatively correlated with the Mistuda test across CFs. These relationships further support and reinforce our hypothesis that the nasal mucosa acts as both the site of entry and of transmission. This assumption is further supported by the HHCs data, in which 13% tested positive for IgM anti-PGL-I, a higher percentage than that observed in TT patients, with an increasing prevalence of positive results for MB forms of leprosy. These results further corroborate other studies that demonstrated anti-PGL-I seropositivity is a high risk factor for the development of disease in HHCs, mainly contacts of MB ICs (Douglas et al. 2004 , Goulart et al. 2008 ).
The presence of M. leprae DNA in the nasal mucosa of HHCs of LPs reflects the presence of bacilli in the nose, which may become a source of infection or transmission. However, the presence of M. leprae DNA in nasal secretions does not determine infection; it only indicates nasal carriage, which may imply an active leprosy transmission. Further investigation of anti-PGL-I seropositivity indicates that bacilli have successfully entered the circulatory system and may indicate subclinical infection. Moreover, the number of seropositive patients does not indicate the true prevalence of infected contacts because PB patients rarely produce specific antibodies, suggesting that the number of infected contacts might be underestimated.
HHCs comprise a recognisable group of individuals with a high risk of disease, as they live in close proximity to a source of infection (Sales et al. 2011) . Their participation in the dissemination and spread of M. leprae to susceptible persons in endemic communities cannot be neglected. The observed distribution of positive test results among HHCs of ICs representing both OCs and every CF of the disease indicates that they all experience bacillary pressure, that they are susceptible to infection due to continuous interaction with a source of infection and that M. leprae is widely present among them.
Finally, a successful leprosy control program requires prevention, early diagnosis, treatment and interruption of the chain of transmission. Therefore, we reinforce our previous suggestion (Goulart et al. 2008) , which proposes chemoprophylaxis of HHCs with subclinical infection as a prevention strategy. Additionally, we propose the treatment of healthy and contact carriers to achieve bacilli clearance and to interrupt leprosy transmission. 
